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Creating a first digital map of a bone of a patient on which the
surgical procedure is to be performed using first data from the
3D spatial mapping camera combined with first coordinates
data from the imaging camera

S10

Creating a first digital map of a bone of a patient on which the
surgical procedure is to be performed using first imaging data
from the 3D spatial mapping camera combined with first
coordinates data from the imaging camera

S11

Creating a second digital map of a physical jig to be used in
the surgical procedure using second imaging data from the
3D spatial mapping camera combined with second
coordinates data from the imaging camera

S12

Using the first digital map and the second digital map to
S13 determine a location for the surgical procedure on the bone
and a position of the physical jig relative to the bone and
generating a digital image of a virtual representation of the
bone with a virtual representation of the jig superimposed
over the virtual representation of the bone

Displaying the virtual representation of the bone and jig on
the mixed reality headset to provide a virtual visualization for
indicating a location for placement of the physical jig relative

to the bone

S14

Attaching the physical jig to the bone at the location wherein
S15 the visualization of the location for the surgical procedure is
indicated
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S20

S21

S22

S23

Creating a first digital map of a body part of a patient on which
the surgical procedure is to be performed using first imaging
data from the 3D spatial mapping camera combined with first

coordinates data from the imaging camera

Creating a second digital map representing a plurality of
locations where surgical procedures are to be performed on
the body part using second imaging data from the 3D spatial

mapping camera combined with second coordinates data fro
the imaging camera

Using the first digital map and the second digital map to
determine positions of the plurality of locations relative to the
body part and generating a digital image of a virtual
representation of the body part with a virtual representation o
the plurality of locations superimposed over the virtual
representation of the body part

Displaying the virtual representation of the body part and
plurality of locations on the mixed reality headset to provide a
virtual visualization for indicating a location for surgical
procedure to be performed on the body part
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SYSTEM AND METHOD FOR LOCATION
DETERMINATION USING A MIXED
REALITY DEVICE AND MULTIPLE

IMAGING CAMERAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of non-provisional U.S.
patent application Ser. No. 17/722,265, filed on Apr. 15,

2022, which claims the benefit of U.S. Provisional Appli-
cation No. 63/252,074, filed Oct. 4, 2021, which are hereby
incorporated by reference herein in their entirety, including
but not limited to those portions that specifically appear
hereinafter, the incorporation by reference being made with
the following exception: In the event that any portion of the
above-referenced applications are inconsistent with this
application, this application supercedes said above-refer-
enced applications.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND
1. The Field of the Present Disclosure

The present disclosure relates generally to surgical sys-
tems and methods of facilitating the efliciency and accuracy
of implanting surgical prostheses using mixed reality and 3D
spatial mapping devices.

2. Description of Related Art

In traditional implant surgeries, e.g., knee replacements, a
surgeon will utilize a metal j1g that 1s used as a drilling or
cutting guide to make the necessary corresponding cuts and
holes in the bone of the knee to facilitate placement and
attachment of the implant to the bone. However, these metal
11gs must be stocked 1n a variety of different sizes to
accommodate different needs and sizes of patients. Accord-
ingly, significant stocks of metal jigs must be stored and
sterilized. Additionally, use of such metal j1gs in surgical
applications 1s not an exact science and requires the surgeon
to manually attach the metal j1g to a corresponding bone for
use as a drill or cutting guide, which necessarily 1introduces
sSOme 1naccuracies.

In knee replacement surgery, the femoral and tibial
implants are designed to be surgically implanted into the
distal end of the femur and the proximal end of the tibia,
respectively. The femoral implant 1s further designed to
cooperate with the tibial implant 1n simulating the articu-
lating motion of an anatomical knee joint.

These femoral and tibial implants, in combination with
associated ligaments and muscles, attempt to duplicate natu-
ral knee motion as well as absorb and control forces gen-
erated during the range of flexion. In some 1nstances, such
as when the femoral or tibial implant becomes excessively
worn at the joint, 1t may be necessary to replace or modily
an existing the femoral and/or tibial implant. Such replace-
ments are generally referred to as revision implants.

To prepare a femur and tibia for such a knee replacement
operation and to form an engagement with femoral and tibial
implants, the femur and tibia bones must be cut i very
specific and precise ways and at very specific and precise
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2

angles and locations so that the prepared bones will properly
engage with and can be properly secured to the correspond-
ing 1mplants. In order to properly cut the femur and tibia, a

surgeon traditionally uses a jig or surgical cutting guide as
1s known to those skilled 1n the field. For each bone to be cut,
a 11g 1s temporarily attached or secured to the bone, such that
slots or guides 1n the j1g facilitate the alignment of cutting
tools used to make precise cuts necessary for securing a
corresponding 1mplant.

The phrase “q1g” as used herein, refers broadly to a
surgical cutting guide that may be configured and arranged
to be fixed or attached to a bone, or secured adjacent to a
bone or other tissue, to be cut by a surgeon and identity a
relative location, angle and/or cutting plane that a surgeon
should cut or drill on the adjacent bone or tissue, as known
in the art. A j1g may include predetermined slots, apertures,
holes and/or cutting surfaces to identily where a surgeon
should cut or drill the adjacent bone or tissue, wherein such
cuts or holes may correspond to a shape of a surgical implant
that may be attached to the cut bone or tissue. A “cutting
surface” may refer to a guide edge for guiding the path of a
cutting 1nstrument.

Conventional j1gs are typically made of a metal alloy and,
due to the precise tolerances at which these jigs must be
machined, are quite expensive, ranging as high as $40,000-
$50,000 in some cases. These metal jigs must also be stored
and reused, which adds additional cost and utilizes space
resources. Additionally, j1gs of various sizes must be kept on
hand to accommodate patients of different sizes and with
different needs.

Therefore, there 1s a need for a system that can utilize a
less expensive jig, such as a plastic jig, that could be made
casily and on demand, while maintaining the required tol-
erances and enable the same accuracy in use 1n a surgical
procedure.

In other conventional embodiments, holographic j1gs, also
referred to as virtual jigs, have been used to enable a surgeon
to visualize the positioning and proper sizing of a j1g to a
bone. However, 1n use, when the surgeon attempts to super-
impose a physical j1g over the virtual jig to attach 1t to a bone
to make the required bone cuts, the physical jig will impair
the view of the virtual or holographic jig, making 1t diflicult
to utilize the holographic j1g to accurately place the physical
11g.

Accordingly, there 1s a need for a system and method of
utilizing a virtual or holographic jig or surgical instrument
that can facilitate increased accuracy and precision of
required or desired bone cuts.

The phrase “virtual j1g” or “holographic jig” as used
herein, shall thus refer broadly to any visualization or visual
rendering or projection representing an actual physical jig,
having all, or mostly all, of the same visual characteristics of
the physical jig, including size and shape, as known 1n the
art.

The features and advantages of the present disclosure will
be set forth 1n the description which follows, and 1n part will
be apparent from the description, or may be learned by the
practice of the present disclosure without undue experimen-
tation. The features and advantages of the present disclosure
may be realized and obtained by means of the mstruments
and combinations particularly pointed out in the appended
claiams. Any discussion of documents, acts, materials,
devices, articles or the like which has been included 1n the
present specification 1s not to be taken as an admission that
any or all of these matters form part of the prior art base, or
were common general knowledge in the field relevant to the
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present disclosure as it existed before the priority date of
cach claim of this application.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the disclosure will become
apparent from consideration of the subsequent detailed
description presented in connection with the accompanying
drawings in which:

FIG. 1 1s a schematic rendering of a mixed reality system
ol the present disclosure;

FI1G. 2 1s a flow diagram illustrating a method of using the
mixed reality system.

FIG. 3 1s a flow diagram 1llustrating another method of
using the mixed reality system.

FI1G. 4 1s a perspective view of another embodiment of a
mixed reality system of the present disclosure;

FIG. 5 1s a schematic rendering of a view through a mixed
reality display of a further embodiment of the present
disclosure:

FIG. 6 1s a schematic view of a combined unitary camera
structure;

FIG. 7 1s a front view of a user perspective of a mixed
reality headset viewer of the present disclosure; and

FIG. 8 1s schematic rendering of another mixed reality
system of the present disclosure.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the
principles 1n accordance with the disclosure, reference will
now be made to the embodiments 1llustrated in the drawings
and specific language will be used to describe the same. It
will nevertheless be understood that no limitation of the
scope of the disclosure 1s thereby intended. Any alterations
and further modifications of the inventive features 1llustrated
herein, and any additional applications of the principles of
the disclosure as illustrated herein, which would normally
occur to one skilled 1n the relevant art and having possession
of this disclosure, are to be considered within the scope of
the disclosure claimed.

It must be noted that, as used 1n this specification and the
appended claims, the singular forms “a,” “an,” and “‘the”
include plural referents unless the context clearly dictates
otherwise.

In describing and claiming the present disclosure, the

following terminology will be used in accordance with the
definitions set out below.
As used herein, the terms “comprising,” “including,” “con-
taining,” “characterized by,” and grammatical equivalents
thereol are inclusive or open-ended terms that do not
exclude additional, unrecited elements or method steps.

As used herein, the terms “virtual,” and “hologram™ are
used interchangeably, and grammatical equivalents thereof
are 1nclusive or open-ended terms that do not exclude
additional, unrecited elements or method steps. These terms
are used to describe visual representations of an actual
physical device or element, having all, or mostly all, of the
same visual characteristics of the physical device, including
s1ze and shape.

Applicant has discovered a novel system and method for
generating and using a virtual jig, or virtual mstrument, 1n a
surgical procedure, for example, in a knee or tibial implant
procedure, or other desired surgical procedure.

The phrase “virtual system,” as used herein, shall refer
broadly to any system capable of generating or creating a
simulated or virtual rendering or projection of physical or
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4

structural features identical or substantially identical to an
actual physical device, mstrument or other physical struc-
ture, as known 1n the art. A virtual system may also include
a device, mechanism, or instrument capable of projecting or
displaying the desired simulated or virtual rendering or
projection ol physical or structural features identical or
substantially 1dentical to an actual physical device. A virtual
system may also enable a user to manipulate, move and/or
modily the simulated or virtual rendering or projection.
The phrase “mixed or augmented reality system,” as used
herein, shall refer broadly to any system capable of gener-
ating or creating a simulated or virtual rendering or projec-
tion of physical or structural features identical or substan-
tially 1dentical to an actual physical device, mstrument or
other physical structure, as known 1n the art. A mixed or
augmented reality system may also include a device, mecha-
nism, or mstrument capable of projecting or displaying the
desired a simulated or virtual rendering or projection of
physical or structural features identical or substantially
identical to an actual physical device overlaid or concur-
rently with actual physical structures, mechanism or devices
in reality, thus incorporating the virtual rendering or projec-
tion 1n real world settings with actual physical element. A
mixed or augmented reality system may also enable a user
to manipulate, move and/or modily the simulated or virtual
rendering or projection.

The phrase “mixed or augmented reality mstrument,” as
used herein, shall refer broadly to any device, mechanism or
instrument used 1n a mixed or augmented reality system,
including a device capable of generating or creating a
simulated or virtual rendering or projection of physical or
structural features i1dentical or substantially i1dentical to an
actual physical device, mstrument or other physical struc-
ture, as known 1n the art. A mixed or augmented reality
instrument may also be capable of projecting or displaying
the desired a simulated or virtual rendering or projection of
physical or structural features identical or substantially
identical to an actual physical device overlaid or displayed
concurrently with actual physical structures, mechanism or
devices 1n reality, thus incorporating the virtual rendering or
projection 1n real world settings with actual physical ele-
ments. A mixed or augmented reality mstrument may also
enable a user to manipulate, move and/or modily the simu-
lated or virtual rendering or projection.

The phrase “holographic representation,” as used herein,
shall refer broadly to a visualization or visual rendering or
projection representing an actual physical device or element,
having all, or mostly all, of the same visual characteristics of
the corresponding physical device or element, including size
and shape, as known 1n the art.

Referring now to the drawings, FIG. 1, 1n a disclosed
embodiment, illustrates a mixed or augmented system 100,
which can be used to produce, or display, a desired mixed or
augmented reality mnstrument, such as a virtual jig or cutting
guide 1n a display to a surgeon or user, or stated another way,
that 1s visible and manipulatable by a surgeon or user. The
mixed or augmented reality system 100 may also enable a
user to activate or deactivate, 1in full or 1n part, the virtual
istrument or instruments, making a virtual instrument
appear or disappear, as, for example, may be desired 1n a
mixed reality assisted surgery.

The mixed or augmented reality system 100 may include
a mixed or augmented reality headset 102 which may
include a transparent or mostly transparent viewer 104
which can be suspended or positioned 1n front of a user’s
eyes. The headset 102 may include a headband 106 attached
to the viewer 104, which may be used to secure the headset
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102 to a user’s head 108, thereby securing the viewer 104 1n
place 1n front of the user’s eyes.

The transparent viewer 104 may be configured to project,
or otherwise make viewable, on an interior surface of the
viewer 104, a holographic image or images, such as a virtual
device, for example, a virtual cutting guide, which may be
positionally manipulated by the user, surgeon, third party or
remote system, such as a remote computer system. The
headset 102 may be configured to view holographic images
or, alternatively, the holographic images may be turned off
and the user wearing the headset 102 may be able to view the
surrounding environment through the transparent viewer
104 without obstruction. As such, a user, such as a surgeon
for example, can wear the mixed or augmented reality
headset 102 and then can choose to activate a holographic
image to aide in facilitating a surgical procedure and then
shut ofl the holographic image in order to perform the
surgical procedure in a visually un-obscured manner.

One embodiment of the disclosed headset 102 utilizes a
Microsoit Corporation product, known as the HoloLens®
mixed or augmented reality system. Other suitable mixed or
augmented reality systems for generating virtual images
viewable by a user or surgeon may also be employed. Thus,
the headset 102 may be a conventional “off the shelf”
product with a built-in platform that enables all of the
features described herein with respect to the headset 102.
Furthermore, the headset 102, such as Microsoft’s HoloL-
ens® product, can be loaded or preloaded with all desired or
required virtual mstruments, including virtual jigs or surgi-
cal cutting guides, virtual drill bits, and/or a virtual target
which can identify relative locations of a plurality of holes
to be drnilled by a surgeon to facilitate the fastening of a jig
or other device onto a desired bone at the proper desired
location, and any other desired virtual instruments or holo-
grams. The Microsoit HoloLens® product and its capabili-
ties and features, or any suitable mixed or augmented reality
system, such as 1s described herein with respect to the
headset 102, are known to those skilled in the art.

The mixed reality system 100 may also include a com-
puter or computer system 200 having enabling software to
communicate with the headset 102, by both receiving infor-
mation from the headset 102 and transmitting data and
images to the headset 102. It 1s therefore to be understood,
by way of the circuit diagram and dashed lines shown in
FIG. 1, that headset 102 1s electronically connected to the
computer system 200 and a 3D spatial mapping camera 300
and another imaging camera or inirared camera 330. In
alternative embodiments, the imaging camera 350 may be a
stereotactic or stereotaxic device or camera, which may also
be represented by reference numeral 350, as the included
figures and drawings are schematic 1n nature and do not
disclose the mechanical or electrical details of the infrared
camera or the stereotactic devices, as those details are
known by those skilled 1n the art. The 3D spatial mapping,
camera 300 and infrared or stereotactic camera 350 are
clectronically connected to the headset 102 and the com-
puter system 200, as shown in the circuit diagram and
dashed lines shown 1n FIG. 1. While the 3D spatial mapping
camera 300 and infrared or stereotactic camera 350 may be
clectronically connected to the headset 102, the 3D spatial
mapping camera 300 and infrared or stereo tactic camera
350 may be separate from and not mechanically connected
to the headset 102.

The mixed reality system 100 may also include a 3D
spatial mapping camera 300 and an infrared or stereotactic
camera 350. One embodiment of the disclosed spatial map-
ping camera 300 may be a product created and manufactured
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by Microsolt Corporation, known as the Azure Kinect, or
any suitable 3D spatial mapping camera capable of continu-
ous 3D mapping and transition corresponding 3D images,
such as bones, anatomy, or other desired 3D objects. The

N -

spatial mapping camera 300 may be a conventional “off the
shell” product with a built-in platform that enables all of the
teatures described herein with respect to the spatial mapping
camera 200. Furthermore, the spatial mapping camera 200,
such as Microsolt’s Azure Kinect® product, can be loaded
or preloaded with all necessary software to enable wireless
communication between the spatial mapping camera 300
and the computer system 200 and/or the headset 102.
Microsoit’s Azure Kinect® product and 1ts capabilities and
features, or any suitable 3D spatial mapping camera such as
1s described herein with respect to the spatial mapping
camera 300, are known to those skilled 1n the art.

The spatial mapping camera 300 may include sensor
soltware development kits for low-level sensor and device
access, body tracking software development kits for tracking
bodies or objects 1n 3D, and speech cognitive services
soltware development kits for enabling microphone access
and cloud-based or wireless speech services.

Additionally, the spatial mapping camera 300 may
include the following features: depth camera access and
mode control (a passive IR mode, plus wide and narrow
field-of-view depth modes); RGB camera access and control
(for example, exposure and white balance); a motion sensor
(gyroscope and accelerometer) access; synchronized depth-
RGB camera streaming with configurable delay between
cameras; external device synchronization control with con-
figurable delay oflset between devices; camera frame meta-
data access for image resolution, timestamp, etc.; and device
calibration data access.

The spatial mapping camera 300 may also include: soft-
ware development kits that enable a viewer tool to monitor
device data streams and configure different modes; a sensor
recording tool and playback reader API that uses the
Matroska container format, as known to those of ordinary
skill 1n the field; a library and runtime to track bodies 1n 3D
when used with the spatial mapping camera 300; an ana-
tomically correct skeleton for each partial or tull body; a
unmque 1dentity for each body; ability to track bodies over
time; and speech recognition and translation capabilities,
such as, speech-to-text, speech translation and text-to-
speech.

In one disclosed embodiment, the imaging camera 350
comprises an 1inirared camera 350, which may be any
suitable infrared camera capable of continuous infrared
imaging, such as bones, anatomy, or other desired 3D
objects. The infrared 1maging camera 350 may be a con-
ventional “ofl the shelf” product with a built-in platform that
enables all of the features described herein with respect to
the infrared camera 200. Furthermore, the infrared camera
350 can be loaded or preloaded with all necessary software
to enable wireless communication between the infrared
imaging camera 350 and the computer system 200 and/or the
headset 102. The infrared camera 350 may be any suitable
infrared camera such as 1s described herein with respect to
the infrared imaging camera 350, are known to those skilled
in the art. The inirared imaging camera 350, as known 1n the
art, may provide or identily desired coordinates 1 a 3D
space, thus providing accurate and detailed location deter-
mination 1n a desired 3D space.

In another disclosed embodiment the imaging camera 350
comprises a stereotactic camera 350, which may be any
suitable stereotactic camera capable of continuous stereo-
taxic 1maging, such as bones, anatomy, or other desired 3D
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objects. The stereotactic imaging camera 350 may be a
conventional “off the shelf” product with a built-in platiorm
that enables all of the features described herein with respect
to the stereotactic camera 200. Furthermore, the stereotactic
imaging camera 350 can be loaded or preloaded waith all
necessary software to enable wireless communication
between the stereotactic imaging camera 350 and the com-
puter system 200 and/or the headset 102. The stereotactic
imaging camera 350 may be any suitable stereotactic camera
such as 1s described herein with respect to the stereotactic
camera 350, are known to those skilled in the art. The
stereotactic 1maging camera 350, as known in the art, may
provide or i1dentily desired coordinates 1n a 3D space, thus
providing accurate and detailed location determination in a
desired 3D space.

The headset 102, computer system 200, spatial mapping,
camera 300, and infrared or stereotactic imaging camera
350, may be programmed and configured to enable a sur-
geon 107 to see and mampulate a virtual, or holographic
target or j1g, or visual representation of a jig, with respect a
patient’s bone 400, anatomical, or any other desired loca-
tion, which may receive a surgical implant. The headset 102,
computer system 200 and spatial mapping camera 300 may
communicate with one another via a local network connec-
tion, Wi-Fi, Bluetooth®, or any other known wireless com-
munication signal.

Specifically, the spatial mapping camera 300, which may
be programed to communicate with the computer system
200 having enabling software, may utilize such enabling
software to combine coordinate data or information from the
inirared camera or sterotactic camera 350 with the imaging
data from the spatial mapping camera 300 to digitally map
the bone 400 and/or j1g 500, or other desired anatomy,
producing a first digital map, to help identily the proper
location for fasteming a jig, or other device, to the bone 400,
prior to cutting the knee.

The spatial mapping camera 300 differs from traditional
imaging, such as an MRI, CT scan, x-ray or the like, 1n many
ways. For example, the spatial mapping camera 300 may be
mounted, fixedly or moveably, 1n an operating room, thus
giving the most up-to-date mapping information possible.
The spatial mapping camera 300 may also continuously map
the surtace and 3D contours of the bone 400 to provide the
surgeon 107 with real-time feedback, imaging data, and
information to make the proper drll holes, cuts, or other
preparations on the bone 400, before, during, and/or after
any given procedure.

The computer system 200 with enabling software may
utilize and overlay or superimpose the respective 1mages,
coordinates, or 1maging information or display data from
both the spatial mapping camera 300 and the infrared or
stereotactic camera, to identify coordinates or key features
of the bone 400 and or j1ig 500, or other desired anatomy, or
may 1dentily key features of a desired location for a surgical
procedure, to help 1dentify the proper location for fastening,
a 11g, or other device, to the bone 400, prior to cutting the
knee. The computer system 200 may then identily coordi-
nates of the location of the j1g 500 using the stereotactic
camera 350 and 1dentily a location for the surgical procedure
by using the computer system 200 to superimpose a map-
ping 1mage irom the 3D spatial mapping camera 300 and a
coordinates based image from the infrared or stereotactic
camera 330, to produce a second digital map.

The imaging data or information from the spatial mapping
camera 300 may provide contour mapping of the surround-
ing bone 400 or other desired 3D space, while the infrared
or stereotactic camera 350 can provide coordinates that more
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accurately 1dentily exact or substantially exact locations 1n
three dimensions. Thus, the combination of the superim-
posed 1images from the spatial mapping camera 300 and the
inirared or stereotactic camera 350 can provide more accu-
rate location information than either camera 300 or 3350
alone.

Additionally, the use of the combination of the spatial
mapping camera 300 and the infrared or stereotactic camera
350 can enable the cameras 300 and 350 to be placed or fixed
at a location that 1s further from the surgical procedure while
still maintaining accurate 1maging. For example, a spatial
mapping camera, when operating alone, may need to be
placed or fixed at a location that 1s about 60-80 cm from the
surgical procedure to maintain accuracy. However, the com-
bination of the spatial mapping camera 300 and infrared or
stereotactic camera 350 may be placed or fixed at a location
that 1s about 1 meter away from the surgical procedure, thus
providing a less cluttered surgical workspace that enables a
surgeon more working freedom during the procedure and
reduces the potential for contamination, with the cameras
300 and 350 a greater distance from the surgical procedure.

The mixed reality system 100 may also include an align-
ment j1g 500 that can be secured to the exposed bone 400,
or other desired anatomy. The jig 500 may include a first
marker 502 which may be attached to the j1g 500 at a fixed
location on the bone 400. The first marker 502 may be a
fiducial ball or other small identifier. Due to the high
accuracy and resolution of the infrared or stereotactic cam-
cera 350, a small fiducial-type marker may be all that is
necessary to clearly and accurately i1dentily a desired loca-
tion for the j1g 500 on the bone 400, or a desired location of
the surgical procedure on a bone 400 or other part of the
anatomy. The j1g 500 may also include a second marker 510
that may be moveable with respect to the jig 500 and the
bone 400. The second marker 510 may also include a
fiducial-type marker. The size and features of a fiducial ball
or fiducial marker are well known i1n the art, and are
particularly advantageous during surgical procedures due to
the size, for example 3.5 cm 1n diameter, or less, or more, 11
desired.

FIG. 2 illustrates a flow diagram, used to show the method
of using the mixed reality system 100 according to an
exemplary embodiment. The system 100 1n a first step S10,
provides the computer system 200 connected to each of the
mixed reality headset 102, 3D spatial mapping camera 300
and 1imaging camera 350, the computer system 200 config-
ured to send display data to the mixed reality headset 102,
and recerve i1maging data from the 3D spatial mapping
camera 300 and the imaging camera 350.

The next step S11 1ncludes creating a first digital map of
the bone 400 of a patient on which the surgical procedure 1s
to be performed using first imaging data from the 3D spatial
mapping camera 300 combined with first coordinates data
from the 1maging camera 350. Then in the next step S12, the
system 100 creates a second digital map of a physical j1g 500
to be used 1n the surgical procedure using second 1imaging
data from the 3D spatial mapping camera 300 combined
with second coordinates data from the 1maging camera 350.

Then in the next step S13 the system 100, uses the first
digital map and the second digital map to determine a
location for the surgical procedure on the bone 400 and a
position of the physical jig 400 relative to the bone 500 and
generates a digital image of a virtual representation of the
bone 400 with a virtual representation of the jig superim-
posed over the virtual representation of the bone.

The system 100 1n the next step S14 displays the virtual
representation of the bone and jig on the mixed reality
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headset to provide a virtual visualization for indicating a
location for placement of the physical j1g relative to the
bone, and then 1n the final step S15, the surgeon can attach
the physical jig 500 to the bone 400 at the location wherein
the visualization of the location for the surgical procedure 1s
indicated.

FI1G. 3 1llustrates a flow diagram, used to show the method
of using the mixed reality system 100 according to another
exemplary embodiment. The system 100 1n a first step S20
creates a first digital map of a body part of a patient on which
the surgical procedure 1s to be performed using first imaging,
data from the 3D spatial mapping camera 300 combined
with first coordinates data from the imaging camera 350.
The 1n the next step S21, the system 100 creates a second
digital map representing a plurality of locations where
surgical procedures are to be performed on the body part
using second imaging data from the 3D spatial mapping
camera 300 combined with second coordinates data from the
imaging camera 3350.

In a next step S22 the system 100 uses the first digital map
and the second digital map to determine positions of the
plurality of locations relative to the body part and generating,
a digital image of a virtual representation of the body part
with a virtual representation of the plurality of locations
superimposed over the virtual representation of the body
part.

And then the system 1n a final step S23, can display the

virtual representation of the body part and plurality of
locations on the mixed reality headset to provide a virtual
visualization for indicating a location for surgical procedure
to be performed on the body part.
FIG. 3 illustrates a schematic view of a perspective through
the viewer 104 of the mixed reality headset 102, represent-
ing the view of a wearer of the mixed reality headset 100
during a procedure. As shown, the view can display a
visualization of a j1g or a virtual j1g 550 overlaid on the
actual physical bone 400, enabling the wearer to see or view
a virtual j1g 550 simultaneously with the bone 400, after
utilizing the system methodology of FIG. 2 or 3.

In another embodiment, as shown 1n FIG. 4, the headset
102, the spatial mapping camera 300 and the infrared or
stereotactic camera 350 may utilize a physical calibration
tool 700 to calibrate and align 3D coordinates with the 3D
contours of the exposed bone 400 or anatomy. The calibra-
tion tool 700 may include a specially designed calibration
pattern 702 that may be scanned by the headset 102 and/or
the spatial mapping camera 300, and/or the infrared or
stereotactic camera 350, which can then send the corre-
sponding calibration data to the computer system 200 which
can then use the calibration data to provide accurate coor-
dinates to the headset 102 to identify where to drill, cut, or
otherwise prepare the bone 400.

Using the mixed reality system 100, a surgeon or user may
perform a surgical procedure by first exposing the bone 400,
or other desired anatomy. The spatial mapping camera 300
may then continuously 3D spatially map the exposed bone
400, and send the corresponding image data or mapping
information to the computer system 200. In alternative
embodiments, multiple spatial mapping cameras 300 may be
used 1n unison, to provide more accurate and expansive
imaging.

A surgeon or user may then substantially simultaneously,
or before, or after, the 3D mapping, identily coordinates on
the exposed bone 400 1dentifying a desired placement of the
11g 500 or surgical procedure by using the infrared or
stereotactic camera 350, and send the corresponding coor-
dinate information to the computer system 200. In alterna-
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tive embodiments, multiple infrared or stereotactic cameras
350 may be used in unison to provide more accurate and
expansive imaging.

The surgeon may then attach the jig 500 to the exposed
bone 400 at a predetermined or desired location. The spatial
mapping camera 300 may spatially map, and the infrared or
stereotactic camera may 1dentily coordinates of, the jig 500
and the exposed bone 400 to map the surface of the exposed
bone and relative location of the jig 500.

As shown 1 FIG. 6, the 3D spatial mapping camera 300
and the infrared or stereotactic camera 350 may be formed
as a combined unitary structure 375. This unitary structure
375 may permanently fix cameras 300 and 350 relative to
one another, or enable cameras 300 and 350 to be removably
connected to one another. This combined structure or device
may increase the portability of the cameras 300 and 350,
which 1n some circumstances may increase efliciency of an
operation or surgical procedure. As shown 1n FIG. 1, how-
ever, cameras 300 and 350 may also be placed or fixed at
separate locations in an operating room or other desired
space.

As shown 1n FIG. 7, the headset 102 may generate a
holographic 1image 900, or visual representation, viewable

by the surgeon on the viewer 104, such that the surgeon can
maintain a real-world view of the bone 400 and simultane-
ously view the holographic image 900. The holographic
image 900 may include a real-time rendering or visual
representation of the exposed bone 400 and a real-time
rendering or visual representation of the j1g 500. The headset
102 can then scan one or both of the markers 502 or 504 and
identify the proper or required position of the j1g 500,
relative to the bone 400. The surgeon can then mampulate
the j1g 500, until the proper position 1s set and determined.

Once the proper position of the jig 500 1s set i the
holographic image 900, the surgeon can use the headset 102
to lock the holographic image 900 1n place. Then the surgeon
can manipulate the actual physical jig 500 to substantially
match the positioning of the set rendering of the jig 500.

In another embodiment, as shown in FIG. 8, the mixed
reality system 100 may be used such that one of the cameras
300 or 350 may be utilized outside of a patient’s body 450,
while another one of the cameras 300 and 350 may be
inserted within the patient’s body to spatially map or i1den-
tify coordinates for a surgical procedure from within the
body. Alternatively, the system 100 may use multiple 3D
spatial mapping cameras 300, e¢.g., one or more spatial
mapping cameras on the exterior of the patient and one or
more additional spatial mapping cameras on the interior of
the patient. The combined 1images of the camera 300 or 350
outside of the patient’s body, and the camera 300 or 350
inside the patient’s body may provide more accurate data for
identifying the location of a surgical procedure. For
example, camera 300 or 350 may be inserted into a patient’s
lungs, throat, stomach, colon, vagina, rectum, or any other
desired cavity or interior space within a patient’s body. The
image information of the mside and outside cameras 300 and
350 can then be superimposed as described above to provide
additional detail and location orientation that are not other-
wise available from imaging only outside the body. As an
additional example, a surgeon can use the imaging informa-
tion from the two or more cameras 300 or 350 to then
identify a surgical procedure location within the patient, and
such location could be marked or “tattooed” and then a
surgeon could then more easily locate the marked location
during the surgical procedure, e.g., using a laparoscope or
other similar surgical device.
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A surgical j1g 1s conventionally, and may be, a surgical
tool that may be used to help a surgeon make predetermined
and accurate cuts of a desired bone to facilitate attachment
of a surgical implant. A j1g may have one or a series of slots
located at specific predetermined locations and at specific
predetermined angles, with respect to a body of the jig, such
that when the j1g 1s attached to a bone surface. The surgeon
can make precise and accurate cuts using the jig as a guide
without the need of additional measurements. Once the
desired cuts of the bone have been made using the j1g as a
guide, the j1g may be removed from the bone and the
surgical implant may be properly secured to the bone, which
has now been accurately cut to receive the implant.

Due to the accuracy of the disclosed method and system,
the j11g 500 may be made of plastic, metal, polyamide, or any
other desired material. Manufacturing the jig 500 out of a
plastic or polyamide material, or other relatively inexpen-
sive material, may allow the j1g 500 to be disposable, while
still maintaining the precision and accuracy of traditional
metal j1gs. The j1g 500 may also be manufactured using a 3D
printer, which can further reduce the cost of manufacturing,
and storage of j1gs, since 3D printed j1gs could be made on
demand and customized to the size and shape required by
individual patients and users. The physical j1g 500 may also
be manufactured using any other known technique for
forming a physical jig.

In the foregoing Detailed Description, various features of
the present disclosure are grouped together i a single
embodiment for the purpose of streamlining the disclosure.
This method of disclosure 1s not to be interpreted as reflect-
ing an intention that the claimed disclosure requires more
features than are expressly recited in each claim. Rather, as
the following claims retlect, inventive aspects lie 1n less than
all features of a single foregoing disclosed embodiment.
Thus, the following claims are hereby incorporated into this
Detailed Description of the Disclosure by this reference,
with each claim standing on its own as a separate embodi-
ment of the present disclosure.

It 1s to be understood that the above-described arrange-
ments are only 1llustrative of the application of the principles
of the present disclosure. Numerous modifications and alter-
native arrangements may be devised by those skilled 1n the
art without departing from the spirit and scope of the present
disclosure are intended to cover such modifications and
arrangements. Thus, while the present disclosure has been
shown 1n the drawings and described above with particu-
larity and detail, 1t will be apparent to those of ordinary skill
in the art that numerous modifications, including, but not
limited to, variations in size, materials, shape, form, function
and manner of operation, assembly and use may be made
without departing from the principles and concepts set forth
herein.

What 1s claimed:

1. A system for determining a location for a surgical j1g 1n
a surgical procedure, comprising:

a 11g configured and arranged to be fixed to a bone;

a mixed reality headset;

a 3D spatial mapping camera configured to map the bone

and the jg;
an 1maging camera configured to identify coordinates of
a desired location; and

a computer system configured to transier data to and from
the mixed reality headset, the 3D spatial mapping
camera, and the imaging camera, and further config-
ured to 1dentily a location for the surgical procedure,
wherein the mixed reality headset i1s configured to
provide a visualization of the location for the surgical
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procedure using the data combined from the 3D spatial
mapping camera and the 1imaging camera.

2. The system of claim 1, wherein the mixed reality
headset 1s configured to provide a virtual j1g and a virtual
bone, which are representations of the jig and bone, and
enable a user to manipulate the location of the virtual jig as
viewed 1n the mixed reality headset, with respect to the
virtual bone.

3. The system of claim 1, wherein the mixed reality
headset 1s configured to provide a virtual jig and a virtual
bone and enable a user to fix a location of the virtual j1g as
viewed 1n the mixed reality headset, with respect to the
virtual bone, and manipulate the location of the jig with
respect to the bone, to substantially match the location of the
virtual j1g with respect to the virtual bone.

4. The system of claim 1, wherein the jig includes a
marker configured to be scanned by the mixed reality
headset to provide data relating to the location of the jig.

5. The system of claim 4, further comprising:

wherein the imaging camera 1s configured to scan the

marker of the j1g, and 1dentify a position of the j1g with
respect to the bone based, at least 1n part, on the data
provided by scanming the marker.

6. The system of claim 5, wherein the marker 1s a fiducial
marker.

7. The system of claim 1, wherein the 1maging camera and
the spatial mapping camera are placed 1n locations separate
from one another.

8. The system of claim 1, wherein the i1maging camera and
the spatial mapping camera are formed as a combined
unitary structure.

9. The system of claim 1, wherein the 1maging camera 1s
a stereotactic camera.

10. The system of claim 1, wherein the 1maging camera 1s
an inirared camera.

11. The system of claim 1, wheremn the mixed reality
headset 1s separate and not mechanically connected to the
3D spatial mapping camera or the imaging camera.

12. A system for determining a location for a surgical jig
in a surgical procedure, comprising:

a 11g configured and arranged to be fixed to a bone;

a mixed reality headset;

a first imaging camera configured to map the bone and the

ng;

a second 1maging camera configured to 1dentily coordi-

nates of a desired location; and

a computer system configured to transier data to and from

the mixed reality headset, the first imaging camera, and
the second 1imaging camera, and further configured to
identily a location for the surgical procedure, wherein
the mixed reality headset 1s configured to provide a
visualization of the location for the surgical procedure
using the data combined from the first imaging camera
and the second 1imaging camera.

13. The system of claim 12, wherein the mixed reality
headset 1s configured to provide a virtual j1g and a virtual
bone, which are representations of the j1g and bone, and
enable a user to manipulate a location of the virtual ji1g as
viewed 1n the mixed reality headset, with respect to the
virtual bone.

14. The system of claim 12, wherein the mixed reality
headset 1s configured to provide a virtual jig and a virtual
bone and enable a user to fix a location of the virtual ji1g as
viewed 1n the mixed reality headset, with respect to the
virtual bone, and manipulate the location of the jig with
respect to the bone, to substantially match the location of the
virtual j1g with respect to the virtual bone.



US 11,610,378 Bl

13

15. The system of claam 12, wherein the jig includes a
marker configured to be scanned by the mixed reality
headset to provide data relating to the location of the jig.

16. The system of claim 15, wherein the second 1imaging
camera 1s configured to scan the marker of the jig, and
identify a position of the jig with respect to the bone based,
at least 1n part, on the data provided by scanning the marker.

17. The system of claim 12, wherein the mixed reality
headset 1s further configured to continuously provide a
visualization of the location for the surgical procedure,
throughout the surgical procedure, using a continuously
generated digital map generated by the first imaging camera
and continuously generated coordinates generated by the
second 1maging camera.

18. The system of claim 12, wherein the first 1maging
camera and the second 1imaging camera are placed 1n loca-
tion separate from one another.

19. The system of claim 12, wherein the first 1maging
camera and the second imaging camera are formed as a
combined unitary structure.

20. The system of claim 12, wherein the first imaging
camera 1s a 3D spatial mapping camera.

21. The system of claim 12, wherein the second imaging
camera 1s a stereotactic camera.

22. The system of claim 12, wherein the second imaging,
camera 1s an infrared camera.

23. The system of claim 12, wherein the mixed reality
headset 1s separate and not mechanically connected to the
first 1maging camera or the second 1maging camera.

24. A system for determining a location for a surgical jig
in a surgical procedure, comprising:

a 11g configured and arranged to be fixed to a bone; a

mixed reality headset;

a {irst imaging camera configured to map the bone and the

jg;

an infrared camera configured to 1dentily coordinates of a

desired location; and

a computer system configured to transier data to and from

the mixed reality headset, the first imaging camera, and
the infrared camera, and further configured to 1dentity
a location for the surgical procedure, wherein the mixed
reality headset 1s configured to provide a visualization
of the location for the surgical procedure using the data
combined from the first imaging camera and the 1nfra-
red camera.

25. The system of claim 24, wherein the mixed reality
headset 1s configured to provide a virtual jig and a virtual
bone, which are representations of the jig and bone, and
enable a user to manipulate a location of the virtual jig as
viewed 1n the mixed reality headset, with respect to the
virtual bone.
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26. The system of claim 24, wherein the mixed reality
headset 1s configured to provide a virtual jig and a virtual
bone and enable a user to fix a location of the virtual j1g as
viewed 1n the mixed reality headset, with respect to the
virtual bone, and manipulate the location of the jig with
respect to the bone, to substantially match the location of the
virtual j1g with respect to the virtual bone.

277. The system of claim 24, wherein the j1g 1ncludes a
marker configured to be scanned by the mixed reality
headset to provide data relating to the location of the jig.

28. The system of claim 27, wherein the infrared camera
1s configured to scan the marker of the ji1g, and i1dentily a
position of the jig with respect to the bone based, at least in
part, on the data provided by scanning the marker.

29. The system of claim 24, wherein the first 1maging
camera 1s a 3D spatial mapping camera.

30. A system for determining a location for a surgical jig
in a surgical procedure, comprising:

a j1g configured and arranged to be fixed to a bone; a

mixed reality headset;

a first imaging camera configured to map the bone and the

J1g;

an inirared camera configured to 1dentily coordinates of a

desired location; and

a computer system configured to transier data to and from

the mixed reality headset, the first imaging camera, and
the imnfrared camera, and further configured to identify
a location for the surgical procedure, wherein the mixed
reality headset 1s configured to provide a visualization
of the location for the surgical procedure using the data
combined from the first imaging camera and the inira-
red camera, wherein the mixed reality headset 1s sepa-
rate and not mechanically connected to the first imag-
ing camera or the second 1maging camera; wherein the
mixed reality headset 1s configured to provide a virtual
j11g and a virtual bone, which are representations of the

L =

11g and bone, and enable a user to manipulate the
location of the virtual j1g as viewed in the mixed reality
headset, with respect to the virtual bone, wherein the j1g
includes a marker configured to be scanned by the
mixed reality headset to provide data relating to the
location of the jig and wherein the marker 1s a fiducial
marker; wherein the second 1maging camera 1s config-
ured to scan the marker of the jig, and identity a
position of the jig with respect to the bone based, at
least in part, on the data provided by scanning the
marker; wherein the first imaging camera and the
second 1maging camera are formed as a combined
unitary structure; wherein the first imaging camera 1s a

3D spatial mapping camera; and

" wherein the second imaging camera is an infrared camera.
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